Two distinct types of magnetoresistance oscillations are observed in two electronic Fabry-Pérot interferometers of different sizes in the integer quantum Hall regime. Measuring these oscillations as a function of magnetic field and gate voltages, we observe three signatures that distinguish the two types. The oscillations observed in a 2.0 µm 2 device are understood to arise from the Coulomb blockade mechanism, and those observed in an 18 µm 2 device from the Aharonov-Bohm mechanism. This work clarifies, provides ways to distinguish, and demonstrates control over, these distinct physical origins of resistance oscillations seen in electronic Fabry-Pérot interferometers.
Mesoscopic electronics can exhibit wave-like interference effects [1, 2, 3, 4] , particle-like charging effects [5] , or a complex mix of both [6] . Experiments over the past two decades have investigated the competition between wave and particle properties [7] , as well as regimes where they coexist [6, 8, 9, 10] . The electronic Fabry-Pérot interferometer (FPI)-a planar two-contact quantum dot operating in the quantum Hall regime-is a system where both interference and Coulomb interactions can play important roles. This device has attracted particular interest recently due to predicted signatures of fractional [11] and non-Abelian [12, 13, 14] statistics. The interpretation of experiments, however, is subtle, and must account for the interplay or charging and interference effects in these coherent confined structures.
Early measurements by van Wees et al. [15] demonstrated resistance oscillations as a function of magnetic field in an electronic FPI, with an interpretation given in terms of Aharonov-Bohm (AB) interference of edge states. More recently, experimental [16, 17, 18, 19] and theoretical [20, 21, 22] investigations indicate that Coulomb interaction plays a critical role in these previously observed conductance oscillations-as a function of both magnetic field and electrostatic gate voltagesuggesting an interpretation in terms of field-or gatecontrolled Coulomb blockade (CB). Other recent experiments studying fractional charge and statistics in FPI's [23, 24] interpret resistance oscillations as arising from AB interference while taking the gate-voltage period as indicating a change of a quantized charge.
In this Letter, we report oscillations of resistance as a function of perpendicular magnetic field, B, and gate voltage in FPI's of different sizes. Oscillations in the smaller (2.0 µm 2 ) device are consistent with the interacting (CB) interpretation, while those in the larger (18 µm 2 ) device are consistent with noninteracting AB interference. Specifically, three signatures that distinguish the two types of oscillations are presented: The magnetic field period is roughly proportional to B for CB, but field-independent for AB; The gate-voltage period is field-independent for CB, but proportional to 1/B for AB; Resistance stripes in the two-dimensional plane of B and gate voltage have a positive (negative) slope in the CB (AB) regime.
The devices were fabricated on a high-mobility twodimensional electron gas (2DEG) residing in a 30 nm wide GaAs/AlGaAs quantum well 200 nm below the chip surface, with Si δ-doping layers 100 nm below and above the quantum well. The mobility is ∼ 2, 000 m 2 /Vs measured in the dark, and the density is 2.6 × 10 15 m −2 . Surface gates that define the FPI's are patterned using electron-beam lithography on wet-etched Hall bars [see Fig. 1(a) ]. These gates come in from top left and bot- Voltages, V C , on the center gates are set near 0 V to allow fine tuning of density and area.
Measurements are made using a current bias I = 400 pA, with B oriented into the 2DEG plane as shown in Fig. 1(a) . The diagonal resistance, R D ≡ dV D /dI is related to the dimensionless conductance of the device g = (h/e
2 )/R D [25] . Here, V D is the voltage difference between edge states entering from the top right and bottom left of the device. This approximate proportionality between ∆B and B is inconsistent with simple AB oscillations, which would give a constant ∆B corresponding to one flux quantum through the area of the device. However, a recent theoretical analysis that accounts for Coulomb interaction between edge states found that for f C occupied Landau levels (LL's) in the two constrictions, ∆B = (φ 0 /A)/f C for weak forward tunneling of the (f C + 1) th level, and ∆B = (φ 0 /A)/(f C − 1) for weak backscattering of the f th C level [21] . Interpolating between these two limits, we expect when the device conductance, g, is anywhere between f 0 and f 0 + 1, that ∆B = (φ 0 /A)/f 0 . Here, f 0 is the number of fully occupied LL's passing through the device (represented by different colored backgrounds in Fig. 2 for f 0 = 1 to 4). Note that this model requires the (f 0 + 1) th LL to be partially filled in both constrictions; otherwise, no oscillations are expected.
In this picture, on the riser of R D where f 0 < g < f 0 + 1, the (f 0 + 1) th and higher LL's will form a quasiisolated island inside the device that will give rise to Coulomb blockade effects for sufficiently high field and large charging energy,
where N is the number of electrons on the island, C is the total capacitance, and α is the lever-arm associated with gate voltage V gate [21] . The magnetic field couples electrostatically to the island through the underlying LL's: when B increases by φ 0 /A, the number of electrons in each of the f 0 underlying LL's will increase by one. These LL's will act as gates to the isolated island: Coulomb repulsion favors a constant total electron number inside the device, so N will decrease by f 0 for every φ 0 /A change in B, giving rise to f 0 resistance oscillations. This picture not only explains the approximate proportionality of ∆B to B, because B ∼ 1/f 0 , but also explains small deviations from it. As seen in Figs. 2(e) and 2(f), the ∆B data is flatter than the straight-line fit. This picture actually predicts a constant ∆B for a given f 0 , and the observed increase of ∆B can be accounted for as the device area shrinks slightly at higher fields.
Motivated by this picture, in Fig. 3(a) we show the average ∆B at each 1/f 0 , and a straight-line fit constrained through the origin, demonstrating the expected relationship ∆B = (φ 0 /A)/f 0 , with A = 2.0 µm 2 . Further evidence of the CB mechanism in the 2.0 µm 2 device is found in the resistance oscillations as a function of gate voltages. Figures 3(f-h) show R D as a function of center gate voltage V C , for f 0 = 1, 2 and 4, respectively. Figure 3 (e) summarizes gate voltage periods ∆V T and ∆V C at various f 0 , and shows they are independent of f 0 . This behavior is consistent with the CB mechanism, as gate-voltage periods are determined by the charging energy and lever arm to the gate, both of which are approximately independent of B.
Having identified CB as the dominant mechanism for resistance oscillations in the 2.0 µm 2 device, we fabricated and measured an 18 µm 2 device, an order of magnitude larger in size, hence an order of magnitude smaller in charging energy. The center gate covering the whole interferometer, not present in previous experiments [15, 16, 18, 19] , also serves to reduce the charging energy. In this device, R D as a function of B at three different fields is plotted in Figs. 4(b-d) , showing nearly constant ∆B. The summary of data in Fig. 4(a) shows that ∆B, measured at 10 different fields ranging from 0.5 to 6.2 T, is indeed independent of B; its average value of 0.244 mT corresponds to one φ 0 through an area of 17 µm 2 , close to the designed area. This is in contrast to the behavior observed in the 2.0 µm 2 device, and is consistent with AB interference. Gate voltage periods are also studied, as has been done in the 2.0 µm 2 device. Figures 4(f-h) show R D as a function of V T at three different fields, and Fig. 4(e) shows both ∆V T and ∆V C as a function of 1/B. In contrast to the behavior observed in the 2.0 µm 2 device, ∆V T and ∆V C are no longer independent of B, but proportional to 1/B. This behavior is consistent with AB interference, because the total flux is given by φ = B · A and the flux period is always φ 0 ; assuming that the area changes linearly with gate voltage, gate-voltage periods would scale as 1/B for AB. Note that here, the gate voltage periods can vary smoothly with B and do not correspond to changes in a quantized charge.
As shown above, the magnetic field and gate voltage periods have qualitatively different B dependence in the 2.0 µm 2 and 18 µm 2 devices, the former consistent with CB, and the latter consistent with AB interference. Based on these physical pictures, one can make another prediction in which these two mechanisms will lead to opposite behaviors. In the CB case, increasing B increases the electron number in the underlying LL's, thus reducing the electron number in the isolated island via Coulomb repulsion. This is equivalent to applying more negative gate voltage to the device. On the other hand, for the AB case, increasing B increases the total flux through the interferometer, and applying more positive gate voltage increases the area, thus also the total flux; therefore, higher B is equivalent to more positive gate voltage. As a result, if R D is plotted in a plane of gate voltage and B, we expect stripes with a positive slope in the CB case and a negative slope in the AB case. Figures 5(a,b) show R D as a function of V C and B for the 2.0 µm 2 and 18 µm 2 devices, respectively. As anticipated, the stripes from the 2.0 µm 2 device have a positive slope, consistent with the CB mechanism, while stripes from the 18 µm 2 device have a negative slope, consistent with AB interference. This difference can serve to determine the origin of resistance oscillations without the need to change magnetic field significantly.
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